11-17~lm (E. falciformis) and 18-26 by 15-21~m (E. vermiformis) (Pellerdy, 1974) and other Eimeria oocysts are of similar size.
A system was required in which laboratory mice infected with Eimeria spp. and uninfected controls could be maintained simultaneously without risk of cross-infection.
Standard mouse cages and husbandry techniques would have been inadequate to prevent cross-infections, since infective wastes from one cage could be carried in the air to its neighbours. Some form of isolator was therefore considered necessary.
Isolators available commercially' were either of flexible film or of rigid glass-fibre construction.
Flexible film isolators were first proposed by Phillips, Novak & Alg (1955) Filter racks have been evaluated by Clough, Hill & Blackmore (1973) , who found that the turbulent air currents created within the system encouraged rather than discouraged the spread of microorganisms between cages.
A laminar airflow is more efficient in providing air within a protected environment.
However, to reduce the risk of cross-contamination it would be necessary to develop a system in which air travelled the length of a single cage rather than laterally across neighbouring cages (Beall. Torning & Runkle, 1971) . Filter tops are also available, which fit directly on top of a standard animal cage. These are not transparent and once lifted to examine the animal or cage contents, the protective environment is eliminated.
Each of these commercial systems was therefore inappropriate, being primarily designed to hold numerous animals of the same microbial status together, either preventing them from receiving micro-organisms from, or releasing micro-organisms to, the external environment.
A relatively cheap but effective system to hold several infection groups concurrently was designed and built from commercially available materials to fulfil the following requirements:
1. a number of containers, each to hold an individual mouse cage; 2. a supply of flir to mice within the containers; 3. filters to remove possible contamination from the air supplied to the animals; 4.
no cross-contamination between cages; 5. removal of contaminated air to a safe sink.
The isolator system
The final system is shown in Fig. 1 , and the design plan in Fig. 3 . Air was supplied to the isolator boxes by a Blower Unit (Model SD38B: Parvalux Electric Motors Ltd, Bournemouth, Dorset, UK) with an output of c. 180 m 3 h-1 at 12 mm/water gauge pressure. Room air was drawn into the pump through a primary filter (Air filter element: British Leyland Unipart GFE IOOS; Cowley, Oxford, UK) to remove dust and other large particles from the air. After the pump, the air was passed through a secondary filter of Filterdown FG50 (American Air Filters Ltd; company dissolved). This material is 99% efficient in retaining particles of 2 11mand greater (manufacturer's specifications).
The system is thus appropriate for experiments involving parasites with transmission products of greater than 211m, which includes Eimeria.
The main air line was made of 64 mm room when a door was removed would be filtered out of the air before it returned to any mice.
Each isolator box had an inlet for filtered air (1.0. 12 mm). an outlet for waste air (1.0.8 mm) and an opening for a manometer (1.0. 2 mm). Manometers were attached to each of the boxes. allowing a visual check on the maintenance of pressure within the system. A positive pressure equivalent to 12 mml water gauge was held, to ensure that contaminants from the outside environment could not enter the system. The number of boxes linked into the system was limited by available bench space. in this example to 22 isolators.
Air passed from the isolators through the exhaust outlets, which were connected by rubber hose via valves. to T-junctions on a main exhaust line. The main exhaust line, made of 64 mm 1.0. Rainwater Roundline pipe (Osma), and the flexible steel flue liner (available from builders merchants), led outside the building, where the exhaust gases were voided. To prevent penetration of external air currents into the system the end of the exhaust pipe was baffled, and a flap valve (aluminium flap in perspex cube) sited within the main exhaust line.
Individual boxes received a supply of 11-47 ± 1·40 m/sec-I of filtered air, as measured with a probe anemometer.
Several designs of valve were tested on the exhaust hose, to prevent backflow from the main exhaust line into each individual box when its door was removed during mouse manipulation and husbandry. A simple V-valve was found to be efficient at preventing back flow , as registered on an anemometer. A perspex V-tube (19 mm 1.0.; depth of V = 150 mm) with a light oil (hydraulic shock absorber fluid) in the bend, operated when filled to give a maximum pressure head of 16 mm, which was not too great to prevent the outflow of air, but was sufficient to prevent the weak backflow currents from passing through.
Operation
The system was housed within an environmentally Use of air from within this room rather than from the external environment obviated the need for temperature regulators to be built into the system, with attendant requirements for humidity control.
Oocysts of various Eimeria spp. have been shown to remain viable under field conditions for periods of over 1 year (Kheysin, 1972) , although the precise survival time is determined by temperature, moisture availability, and exposure to sun. Within the isolator room, the temperature was favourable, and sunlight non-existent. However, the desiccating effects of exposure to air on any free occysts within the system would shorten the potential infective life to a few weeks.
The ability of oocysts to survive external conditions necessitated the sterilization of the isolator system and husbandry equipment between experiments.
Eimerian occysts are extremely resistant to chemical agents, and those chemical disinfectants which are effective against them are so toxic and/or caustic that strict conditions are necessary for their use, and they are unsuitable for application in animal rearing facilities (Long, 1982) .
The most effective disinfectants are small molecular weight compounds such as formalin, ammonia and methyl bromide. High concentrations of formalin have to be applied for long time intervals to ensure complete sterilization, while methyl bromide is effective but expensive and highly toxic (Davies, Joyner & Kendall, 1963) .
Ammonia is totally effective against oocysts. When used for space fumigation, 25·0 mg/I destroys 100% oocysts within 1 h, and 7·7 mg/I'will destroy oocysts in faeces within 3 h (Horton-Smith, Taylor & Turtle, 1940). Gaseous ammonia is particularly effective in direct contact with oocysts, within a hermetically sealed atmosphere (Long, 1982) .
A new disinfectant, Alcide, has been shown to be effective against some species of rodent coccidia, within 2V2-24 h. E. pragensis survives 24 h contact. This indicates that Alcide may be effective for surface application in isolators, where peracetic acid is inactive against Eimeria oocysts (Owen, 1983) .
However, for these experiments gaseous ammonia was the disinfectant of choice, since it is simple to introduce into the system, and will also sterilize airways leading from the isolator boxes. It did not appear to cause chemical deterioration of the materials of the system. The following disinfecting procedure was adopted. Plastic collecting trays were soaked for 24 h in Divo-Iab No.1 solution (Diversay Ltd, Northampton, UK) and then rinsed, before Rawlinson, Nowell & Conisbee sterilizing within the isolator boxes. Boxes were washed out with Diva-lab, rinsed, and then sealed with c.30 ml of 0·88 ammonium solution in dishes in each. The solution was left for 30 min, to allow a buildup of gaseous ammonia. The air pump was then switched on, and the ammonium solution left to evaporate over 48 h. Mice were reintroduced into the system 24 h after the empty dishes were removed. Mouse cages and water bottles were autoclaved at 15 Ib/in for 20 min. Mice were only handled with disposable gloves and in order of treatment groups; the gloves being changed between groups. Servicing procedure was minimal. Oil level within the valves was checked before each experiment, to ensure that it did not fall below c. 10 ml, and the filters on the main air line were changed every 12 months.
Discussion
In 25 experiments to date, there has been no evidence of cross-infection. Mice infected with 3 x 10 4 oocysts of E. vermiformis or E. falclformis and uninfected controls, were held in neighbouring boxes for periods of up to 35 days without crosscontamination, as assessed by checks for oocysts in the faeces of control mice, and histological examination of gastrointestinal tissue in all treatment groups. The general microbial status of the mice was not assessed, coccidia-free mice being used direct from an animal house, which was not barrier maintained. Since the exhaust air was voided out of the building, the only leakage of oocysts into the room would occur on opening the isolator box doors. Sentinel mice held within the room for 3 weeks did not develop the infection, as assessed by faecal examination.
Total cost of the isolator system was highly competitive, at c. £1500 (1982) for the complete system housing 22 animals on separate air supplies. Commercially available flexible film isolators would cost c. £1200-1700 for a system holding racks of 10 or more cages. These communal systems are inappropriate in terms of experimental design, and a commercial system housing one cage would still cost c. £1500, since greatest expense is incurred for the entry port and air handling unit. An inexpensive system was therefore designed, which met all the proposed requirements.
